The junctions of the skin and mucous membranes have been known to be vulnerable sites of affection in nutritional deficiencies since Stannus in 1912 (1) described lesions of the angles of the mouth, lips, nose, eyelids and anogenital region in pellagrins of Nyasaland. Subsequently, numerous reports have appeared from different parts of the world of similar lesions both in association with and independent of pellagra (2-6), but their exact relationship to specific nutritional factors remained obscure until Sebrell and Butler in 1938 (7) reported the production of these lesions in human volunteers fed a diet deficient in riboflavin. For a time these lesions were regarded as pathognomonic of riboflavin deficiency; but soon, Smith and Martin (5) and Machella (9) reported cases of angular stomatitis and eheilosis that were resistant to riboflavin therapy but were improved by pyridoxine. Furtbermore, Cayer, Ruffin and Perlzweig (10) found that cheilosis cleared up promptly with treatment by niacin alone, and Field stat. (11) described one ease of cheilosis that responded to calcium pantothenate. Darby (12) reported that the glossitis and angular stomatitis occurring in iron-deficiency anaemias were often due to deficiency only of iron and not to accompanying B-complex deficiencies.
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It is difficult to assess the specificity of lack of these nutrients in the causation of mucocutaneous lesions in man, as so many uncontrollable factors limit tbeir significance in clinical experiments. It is therefore essential to supplement clinical observation by the test of animal experimentation in which these limiting factors can be controlled or equalized between the deficient and control groups. During studies on deficiency of pyridoxine in albino rats, we were much impressed by the frequency and severity of lesions of mucocutaneous junctions and their close resemblance to those observed in man (13) . Scant attention has been paid in the past to these lesions. Our interest was further stimulated by the recent report of Mueller and Vilter (14) who produced acute deficiency of pyridoxine in man by injecting desoxypyridoxine and who observed mainly lesions about the eyes, nose and lips.
In the earlier descriptions of cutaneous lesions in rats resulting from deficiencies of the B group of vitamins, which were reviewed by Sullivan and Nicholls (15) , the diets used were impure and oCten inadequate in many respects. Occasional reference to involvement of the mouth could be found in the numerous reports of Gyorgy and Chick in their attempts to identify the so-called rat acrodynia factor. More recently, Sullivan and Nicholls (15) and Antopol and Tlnna (16a), using purified diets, studied in detail the cutaneous changes in rats deficient in pyridoxine. Antopol and IJnna made no mention of the mucocutaneous lesions, except involvement of the nose; but Sullivan and Nicholls included changes in the nose, lips and genitals in their general description of the deficiency syndrome. There are also sharp differences of n2inion between the two reports about the involvement of the ears EXPERIMENTAL In this experiment, 24 female albino rats, 11 weeks old, were divided into two groups, each of 12 experimental and 12 control animals, littermates being distributed equally between the groups. They were kept in individual cages with raised mesh floors and were pair-fed. All rats were fed on the following vitaminfree basal diet: In addition, the control rats received 0.1 mg. of pyridoxine hydrochloride daily.
The animals were weighed every week; their eyes, skin and mucocutaneous junctions were examined by naked eye and with a slit-lamp microscope having a specially constructed viewing platform, at weekly intervals at first, and more frequently when changes began to appear. After 24 weeks on the deficient diet, when the experimental animals reached a severe state of deficiency, S experimental animals with their controls were killed for histologic examination. The remaining 4 experimental animals were given 1 mg. of pyridoxine hydrochloride intramuscularly thrice weekly so that the therapeutic effect of pyridoxine on the mucocutaneous lesions could be observed.
Representative specimens of the skin of the paws and abdomen, the lips, nose, eyes and ears were fixed in formol-saline, embedded in paraffin and stained with Ehrlich's haematoxylin and eosin, and iron haematoxylin and Curtis's substitute for van Gieson. The internal organs were also studied in the same manner.
The findings in the albino rats reported here were confirmed in a further group of 36 .weanling hooded rats which were rendered deficient in pyridoxine in the same way as were the albinos. The deficiency process was much more acute, and the earliest cutaneous changes appeared within six weeks of deficiency.
RESULTS
The growth behaviour of the experimental and control animals ( Figure 1 ) was similar until the fourteenth week of deficiency when the experimental animals began to lose weight and the earliest clinical signs appeared on the paws. This delay in growth retardation and in appearance of clinical signs is probably due to larger tissue reserves of pyridoxine in the 1 1-weeks-old animals used in ths study.
The earliest changes consisted of mild erythema and fine scaliness of the dorsa of the hind paws and digits. This was followed by intense erythema and edema of the dorsa of the paws and digits which were more marked in the fore paws. At this stage there was loss of hair resulting in a swollen glazed appearance of the paws. Hyperkeratosis, which was more marked in the hind paws, then occurred. The development and appearance of these lesions as observed by us closely resembled those recorded by Sullivan and Nicholls (14) . A detailed description of the lesions will therefore not be given (see Figure 2) .
Changes in the nose appeared either simultaneously with or within 2 to 3 weeks of the appearance of changes in the paws, and consisted of swelling and redness of the alae nasi, with increased nasal discharge. In the later stages, the lesions spread circumferentially around the nose, with ulceration and scab formation giving a 'caked' appearance to the nose (Figure 3 ). There was some loss of hair in the area involved but the vibrissae were unaffected.
The lips and angles of the mouth were involved in most cases either at the that is within 14 weeks of the deficiency. In others, the lesions appeared between 16 and 18 weeks of deficiency. The angles of the mouth were affected earlier, more frequently and more severely than the lips. They appeared macerated and transversely fissured, and bore n close resemblance to angular stomatitis in man. The fissures extended for a greater distance on the cutaneous side than on the mucosal side of the angle. The fissuring was in many cases asymmetrical in the early stages but involved both the angles equally in the late stages. The lower lip was affected earlier and more frequently than the upper. The earliest change here consisted of a distinct crythema along the free margin of the lip on the cutaneous side of the mucocutaneous junction. This was followed by swelling and loss of hair resulting in a glazed 'denuded' appearance ( Figure 4 ). In the late stages, vertical fissuring and scaliness occurred to complete a picture which was not un- like cheilosis in man. The lesions of the lips and mouth increased in severity as the deficiency progressed, but remained strictly localised, and showed no tendency to spread to surrounding tissues.
Lesions of the anogenital region occurred later than those of the lips and nose, at about the twentieth week of deficiency, and were present in 7 out of 12 deficient rats. At first the perianal and periurethral areas became sodden and excoriated, with matting and loss of hair. The areas then became superficially inflamed, the inflammation spreading down to the base of the tail in the very late stages ( Figure 5 ).
In 6 out of the 12 deficient rats, a scaly edematous condition of the eyelids was found about the twentieth week of deficiency. There was no evidence of con- In our experience, involvement of the ears \vas a late and irregular feature of pyridoxine deficiency. The only observed change was scabbiness, without any evidence of preceding vascular disturbance, and was present in only 2 out of 12 deficient rats. The tongue showed no macroscopic or microscopic abnormality. The control animals throughout the period of observation remained healthy and exhibited none of the changes described above.
In the 4 experimental animals selected at random and given pyridoxine, complete reversal of these changes was observed after 2 weeks of treatment. The edema and erythema subsided within 72 hours of the first injection but the healing of fissures and regeneration of hair could be appreciated only after a lapse of a week. 
HISTOLOGIC FEATURES
The changes observed in the skin of the dorsum of the paws were similar to those described by Sullivan and Nicholls and Antopol and Unna. The initial change was edema and vascular dilatation of the corium, associated with acanthosis and slight hyperkeratosis of the epidermis (Figures 6A and B) . In the later stages the hyperkeratosis became more marked and completely dominated the picture (Figures 6C and D) . The keratotic lamellae were arranged in closely applied layers, forming whorls around shafts of hairs and dipped down into the openings of pilosebaceous follicles to give the appearance of follicular hyperkeratosis. The corium at this stage was edematous, densely vascularized and infiltrated diffusely with mononuclear cells. A fair number of sebaceous glands were still intact but the hair follicles in the superficial part of the corium were empty and dilated and the cells lining them were atrophic. ance of the prickle cell layer due to intercellular edema was present in the late stages. Infective lesions were rarely seen.
The skin of the vestibule of the nose, the lips and eyelids, in general, showed siinikr feataires. In the nose ( Figure 7 ) the surface hperkeratosis was lees prot.*tas I;.. IH nounced and polymorphonuclear infiltration and abscess formation in the corium were more frequently observed. The changes in the lips were confined to the cutaneous side of the mucocutaneous junction. In the early stages, there was vascular dilatation, and diffuse mononuclear infiltration of the corium with marked acanthosis of the epidermis (Figure 8 ). Surface hyperkeratosis was very slight at this stage. The roots of hairs, hair follicles and sebaceous glands were well preserved. The cellular infiltration of the corium was more prominent in the lips than in the paws or nose. Deep-seated focal accumulations of polymorphonuclear leukocytes were common and ulceration at the mucocutaneous junctions was not infrequently seen ( Figure 9 ). In the late stages, the picture was similar to that of the paws, consisting of marked surface hyperkeratosis, acanthosis and intercellular edema of the prickle cells, increased vascularity and inflammatory cell infiltration of the corium (Figure 10 ). The hair follicles and sebaceous glands were atrophic.
DISCUSSION
The gross and microscopic features of the lesions of the mucocutaneous junctions described above in deficiency of pyridoxine in rats were closely similar to the well-known changes in the skin of the paws. The severity of the mucocutaneous lesions ran parallel with that of the changes in the paws and complete reversal of all the lesions was obtained on administration of pyridoxine. The diets used, in the present state of our knowledge, were complete in every respect except in pyridoxine. It would appear therefore, that lesions of the nose, lips, angles of the mouth, eyelids and anogenital region are to be regarded as part of the syndrome of deficiency of pyridoxine in the rat. Of these, the nose, lips and angles of the mouth have been found to be more frequently and severely affected than eyelids and genitals.
The close similarity of the affection of the lips and angles of the mouth with cheilosis and angular stomatitis in man has been pointed out above. The localization of the lesion to the cutaneous side of the mucocutaneous junction in the rat is a further point of similarity between them. It is possible that pyridoxine is essential for the integrity of the mucocutaneous junction in man also (8, 9, 14) .
The skin at the mucocutaneous junctions is of very fine texture, warm and moist and is subject to repeated trauma. Stannus (17) believes that these are the factors which determine their liability to be affected in deficiency of riboflavin in man and has put forward the hypothesis (18) that the incidence and distribution of signs in deficiency of riboflavin in man are the result of a functional disturbance of the capillary system. In experimental deficiency of riboflavin in the rat, however, there is no evidence of vascular disturbance in the skin (19, 20) . On the other hand, vascular engorgement and edema of the mucocutaneous junctions were observed to be a characteristic alteration in the present study with rats deficient in pyridoxine. A primary capillary lesion would appear to explain adequately the findings in experimental deficiency of pyridoxine in the rat.
SUMMARY AND CONCLUSIONS 1. Lesions of the nose, lips, angles of the mouth and less frequently of the eyelids and anogenital region were observed in rats deficient in pyridoxine and their gross and microscopic features were studied.
2. The changes in the mucocutaneous junctions were similar to the characteristic lesions of the paws.
3. Complete reversal of the changes has been observed on administration of pyridoxine to those rats not autopsied.
4. It is concluded that pyridoxine is essential for the integrity of the mucocutaneous junctions in the rat as may well be the case in man. 5 . Involvement of the ears is a late and inconstant feature of deficiency of pyridoxine in the rat.
